We discuss a recent study on high-energy jet production in the multi-Regge limit done with the use of the Monte Carlo event generator BFKLex which includes collinear improvements in the form of double-log contributions. We will show results for the average transverse momentum and azimuthal angle of the final state jets when at least one of them is very forward in rapidity and another one is very backward. We also discuss the introduction of a new observable which accounts for the average rapidity ratio among subsequent emissions.
Introduction
The applicability of the Balitsky-Fadin-Kuraev-Lipatov (BFKL) framework in multi-jet production at the LHC is a topical field of study. The important question is whether BFKL dynamics can affect observables at hadronic colliders at current LHC energies or, in other words, whether preasymptotic BFKL effects are important. Here we will indeed discuss how pre-asymptotic effects do show up at present energies assuming BFKL evolution at leading order (LO) [1, 2, 3, 4, 5, 6] and next-to-leading order (NLO) [7, 8] with collinear improvements.
In the following we will discuss events with one forward jet (rapidity y a ) and one backward jet (rapidity y b ) such that Y = y a − y b is large. Then the cross section can be written as
where, Φ A,B are the impact factors and f is the BFKL gluon Green function. We work within the NLO approximation and thus, a dependence on the renormalisation scale and the energy scale cannot be avoided [9, 10, 11, 12] . One can write the gluon Green function in an iterative way as a sum of phase-space integrals in rapidity and transverse momentum both at LO [13] and NLO [14, 15] . It reads
where
λ 2 is the gluon Regge trajectory which depends on an infrared divergencies regulator λ . This iterative solution is implemented in the Monte Carlo code BFKLex which has already been used for various applications [16, 17, 18, 19, 20, 21] .
The BFKL approach can be affected in the collinear regions of the phase space by a double-log term in the NLO BFKL kernel which has to be resummed to all orders. Only then one can hope for a stable behaviour of the BFKL cross sections [22, 23] . In Ref. [24] , the collinear corrections were resummed to all-orders using the substitution
Moreover, in [24] one can see that this expression resums to a Bessel function of the first kind (see also [25] ). Application of the above resummation in various phenomenological works (not based on Monte Carlo techniques) show agreement with experimental analyses [26, 27, 28, 29, 30, 31, 32, 33, 34, 35] .
Recently [36] , we implemented the procedure described in Eq. (1.3) in the BFKLex Monte Carlo event generator and studied its effect in the behavior of the gluon Green function. Here we discuss a study done on the radiation pattern of the final states in exclusive production of jets within the BFKL framework [37] .
Averages of characteristic quantities in multi-jet events
We are interested in configurations with N + 2 jets, out of which one jet with transverse momentum k a is very forward and another one with momentum k b is very backward such that the rapidity distance between the two jets, y a − y b , is large, analogous to the Mueller-Navelet [38] jets. Therefore, a typical event is characterised by k a , k b and a number N of further final-state jets for which we define three variables: the modulus of the transverse momentum, |k i |, the azimuthal angle φ i and the rapidity y i , with 1 ≤ i ≤ N.
We may now introduce three distinct averages for the jets in each event: the average of the modulus of their transverse momentum ( p t ), of their azimuthal angle ( φ ) and of the rapidity ratio ( R y ) between subsequent jets:
2)
, with y 0 = y a , y N+1 = y b = 0 and
We consider two different configurations for the transverse momenta of the forward/backward jets: i) k a = 10 GeV, k b = 12 GeV, ii) k a = 10 GeV, k b = 20 GeV and three different rapidity differences y a − y b = 4, 6, 8. For each of these cases we have run BFKLex in order to produce differential distributions for the observables in Eqs. (2.1), (2.2), and (2.3) at LO and NLO+Double Logs also using the anti-k t jet algorithm [39] in the FastJet implementation [40, 41] with a jet radius of R = 0.7.
The results for Y = 6 and k a = 10 GeV, k b = 20 GeV at LO and NLO+Double Logs are seen in Fig. 1 . The average p t (top left) is smaller when running the NLO kernel together with double logarithmic collinear terms than the LO one. A sizeable contribution to the Green function and, consequently, to the cross section comes from jets with a large transverse momentum that cannot be described as mini-jets. This characteristic is more pronounced at LO than at NLO and beyond and this change originates at the diminution of the diffusion picture at LO+Double Logs [36] . Obviously, the areas under the differential distributions are smaller when we consider NLO+Double Logs runs for any Y due to the Pomeron intercept getting much smaller when going beyond LO.
With regard to the azimuthal angle average, Fig. 1 top right, we note that at LO the largest part of the final state jets carries an average angle in between π ± 1. This trend does not change when Y varies. Actually, the picture we have just drawn doesn't seem to change much when we consider the NLO+Double Logs case. The whole description here though is very crude to the point it may be deceptive. We need to remember that the azimuthal decorrelation of the two utmost jets is going to be highly dependant on the exact form of the azimuthal angle average distribution. Therefore, it would be very interesting to study with BFKLex generalised ratios of correlation functions of products of cosines of azimuthal angle differences among the tagged jets like the ones defined in [42, 43, 44, 45] .
Turning the discussion toward the mean distance in rapidity between the different final state jets we should point out that the distributions for these ratios have their maximum at R y larger than 0.5. We also observe that these differential distributions are generally broad, which leads us to the conclusion that preasymptotic configurations away from multi-Regge kinematics contribute significantly to the cross section.
We consider the observables discussed here worthy of dedicated experimental analyses at the LHC. It will be decisive to verify if any pre-asymptotic effects can be seen in the data. We think that the featured broadening of the differential distributions for p t , φ and R y is a distinct signal of BFKL dynamics and needs to be further investigated both theoretically and experimentally.
Summary & Outlook
We defined a new set of three observables in multi-jet final states which can be of great importance in the effort of finding distinct BFKL signals at the LHC. The average transverse momentum, the average azimuthal angle and the average ratio of jet rapidities are actually probing the "anatomy" of the BFKL ladder. We used the Monte Carlo event generator BFKLex to produce differential distributions of the three observables after implementing the collinear resummation of the NLO kernel. In order to perform our numerical study within collinear factorization we demand configurations similar to the usual Mueller-Navelet jets (one very forward and one very backward jet of similar size) but with additional hard jets in the final state. It is compulsory to study observables of very exclusive character after restrictive kinematical cuts are imposed in order to find a reliable window of applicability of the BFKL formalism. Nevertheless, once we know exact regions of the phase-space where the BFKL dynamics is dominant, we will be able to extend the formalism to other less favourable experimental configurations.
